Objective: To review the frequency, clinical correlates, and mechanism of anosognosia after stroke.
I
n his presentation to the Société de Neurologie de Paris, Josef Babinski 1 stated that he wanted to discuss "a mental disorder which I had the opportunity to observe in cerebral hemiplegia, consisting in the fact that the patients ignore or seem to ignore the paralysis which affects them." p 365 Babinski presented 2 patients who denied their motor problems, and termed this syndrome anosognosia. Babinski also proposed the term anosodiaphoria, to refer to patients who express indifference toward their newly acquired motor deficit. Babinski stated that anosognosia should not be considered a mere act of dissimulation, given its severity and long duration in some patients. Further, he was unwillingly to carry out a deep examination of his patients, because he did not want to disturb their placid state. Babinski finally suggested that the mechanism of anosognosia could be related to sensory deficits and lesions in the right hemisphere. 1 Anosognosia after stroke has been the focus of intense research during the past 20 years. 2 Important advances were made in the understanding of the main clinical correlates of anosognosia, as addressed both from psychological and from neurological perspectives. Nevertheless, the mechanism of anosognosia still remains an enigma.
We will first discuss the clinical limitations in assessing and diagnosing anosognosia among patients with stroke. This methodological issue has an obvious impact on the estimated frequency of anosognosia after stroke, which explains the wide variability reported in the literature. We will next examine the neuroanatomical correlates of anosognosia after stroke. We will address the clinical correlates of anosognosia in stroke patients and its impact on the rehabilitation process. Finally, we will provide a critical discussion of the putative mechanisms proposed to account for this disorder. For this review, we have explored the databases in PubMed and MEDLINE for articles related to anosognosia following stroke. We used the following key words and their combinations: stroke, anosognosia, insight, denial of illness, and awareness. In addition, we explored the references cited in the articles retrieved from our original database search for additional publications.
Diagnosis of Anosognosia
Anosognosia is defined as the lack of awareness or the underestimation of a specific deficit in sensory, perceptual, motor, affective, or cognitive function owing to a brain lesion. Anosognosia is relatively simple to diagnose in clinical practice, and it is mostly for research purposes that various instruments have been designed to assess the presence and measure the severity of anosognosia after stroke. We will briefly describe the instruments most commonly used in research. Finally, Nimmo-Smith et al 13 examined stroke patients with a specific test that assessed overestimation of bilateral task ability. They found that questions on proficiency to perform bimanual tasks were better predictors of consistent overestimation than bipedal tasks.
To summarize, there is a wide range of instruments to diagnose anosognosia in stroke; however, their intrinsic differences are important to consider. First, some instruments only assess awareness of motor deficits, while others also assess other neurological deficits (for example, sensory deficits, cognitive problems, aphasia, and neglect). Other scales only assess generic deficits in basic and instrumental activities of daily living. Most of the scales score anosognosia based on discrepancies between the patient's responses and the objective findings produced by a standardized neurological examination. Other instruments also use results on neuropsychological assessments and information provided by the patient's carers. While most of these scales have good reliability, their validity has rarely been explored.
Frequency of Anosognosia After Stroke
Given the various instruments and the heterogeneous schemes used to diagnose anosognosia in stroke, the wide frequency of anosognosia reported in the literature is not surprising. Of note, the frequency of anosognosia is strongly influenced by the timing of the assessment, given that anosognosia is rarely found after 3 months poststroke. 4 Other diagnostic confounders include recruiting patients with dementia (which tends to inflate the frequency of anosognosia), the exclusion of patients with severe aphasia, and the recruitment of patients with right-hemisphere lesions only. reported a frequency of anosognosia of 58%; however, his sample included patients with right-hemisphere lesions only. Maeshima et al 15 reported anosognosia in 31% of a consecutive series of patients with either right-or left-hemisphere strokes, and a similar frequency was reported by Starkstein et al. 5 More recent studies reported lower frequencies, ranging from 10% to 17%. [16] [17] [18] In a recent meta-analysis, Pia et al 19 calculated the frequency of anosognosia to range from 20% to 44%, depending on the time since stroke.
Baier and Karnath 18 suggested that the frequency of anosognosia is related to the threshold used to diagnose this disorder. They recruited 128 patients with motor deficits within 15 days after stroke. They diagnosed anosognosia based on the Bisiach Questionnaire, which classifies anosognosia into mild, moderate, or severe. They found that 94% of patients with mild anosognosia readily accepted their motor deficits, and the authors concluded that only the severities of moderate and severe anosognosia should be used for diagnostic purposes. Using these levels of severity, the frequency of anosognosia dropped to 10%.
Other important confounders discussed by Orfei et al 2 are the variable inclusion of patients with aphasia and (or) dementia, the time since stroke, the different diagnostic strategies for anosognosia, and variability in the validity of the diagnosis of anosognosia.
Phenomenology of Anosognosia After Stroke
Anosognosic Phenomena Baier and Karnath 18 examined the association between anosognosia and abnormal attitudes toward the affected limb. The study included a series of 79 patients with right-hemisphere lesions and motor deficits. Anosognosia was assessed with the Bisiach Questionnaire and with a questionnaire assessing asomatognosia (that is, the ability to recognize one's own limbs as belonging to one's own body), somatoparaphrenia (that is, attributing one's limbs to other people), anosodiaphoria (that is, indifference toward the abnormal limb), misoplegia (that is, negative feelings toward the abnormal limb), personification (that is, giving the abnormal limb a name), kinaesthetic hallucinations (that is, feeling the abnormal limbs moving automatically), and supernumerary phantom limb (that is, the conviction that there is a new, intact limb). They found anosognosia in 15% of the patients, among whom 92% had one or more anosognosic phenomena. The most common was the conviction of disturbed ownership, followed by anosodiaphoria, kinaesthetic hallucinations, and misoplegia.
Dissociations
Anosognosia was described not only for motor deficits, neglect, and aphasia 20 but also for prosopagnosia 21 and apraxia. 22 Anosognosia is not a homogeneous phenomenon, and patients with various deficits after stroke may deny some and acknowledge others. In a consecutive series of 56 patients with right-hemisphere strokes, Jehkonen et al 23 found a double dissociation between anosognosia for neglect and anosognosia for hemiparesis (that is, some patients denied the hemiparesis but acknowledged the presence of neglect, and vice versa). Breier et al 24 reported a dissociation between 
Clinical Correlates of Anosognosia
Anosognosia has been consistently associated with various cognitive changes, such as hemispatial and motor neglect, aprosodia, and deficits in facial emotion recognition. Starkstein et al 25 examined the relevance of cognitive deficits in the mechanism of anosognosia in a small study that included 8 patients with a first-ever stroke and anosognosia who were individually matched for lesion side and location with 8 stroke patients without anosognosia. Patients with anosognosia showed more deficits on tasks assessing executive functions (verbal fluency and Trail Making Test), but no significant between-group differences were found on verbal comprehension, constructional praxis, attentionconcentration, and visual and verbal memory.
Two studies 26, 27 found that anosognosia for left hemiplegia has a negative impact on the functional recovery from motor deficits. Jehkonen et al 28 reported that anosognosia for hemiparesis predicted poor functional outcome 12 months after stroke, even though none of the patients had anosognosia for more than 3 months poststroke. Using univariate analysis, Pedersen et al 27 showed a significant association between anosognosia and poor functional outcome, longer stay in hospital, and decreased frequency of independent living.
Conversely, a community-based study by Appelros et al 17 demonstrated that neglect, but not anosognosia, is a valid predictor of dependency 12 months after stroke, and neither anosognosia nor neglect were significant predictors of 1-year mortality. Gialanella et al 26 assessed the functional recovery after rehabilitation of 15 patients with anosognosia and neglect and 15 patients with anosognosia only. They found that patients with both neglect and anosognosia had a worse recovery than those with anosognosia only. Denes et al 29 found no significant impact of anosognosia on rehabilitation outcomes, while Jahkonen et al 28 reported that anosognosia is not a significant predictor of returning home after a right-hemisphere stroke.
In conclusion, there is preliminary evidence that patients with anosognosia may have more deficits on executive functions than patients without anosognosia. Conversely, studies that examined the impact of anosognosia on rehabilitation produced discrepant results. This may be related to important confounders, such as whether patients had anosognosia at the time of rehabilitation (which would certainly impede any successful treatment) or anosognosia at the time of the acute stroke but not at the time of rehabilitation.
Lesion Location and Anosognosia
The association between anosognosia and lesion location has been the focus of numerous studies, which were extensively reviewed recently. 2, 19 Initial studies stressed the high frequency of right-hemisphere lesions, with the caveat that patients with left-hemisphere lesions may have severe aphasias and, therefore, be unable to undergo testing for anosognosia. Within the right hemisphere, lesions were reported to involve the frontal, temporal, and parietal cortex, as well as the basal ganglia and thalamus.
5,30
Pia et al 19 carried out an extensive review of 23 studies published from 1938 to 2001 that examined the anatomical correlates of anosognosia. Ninety-six percent of the sample had unilateral lesions; among that 96%, 55% of patients had damage to the frontal and (or) the parietal lobes, 31% had damage in the temporal lobe, and 54% had multiple lobe involvement. The authors concluded that anosognosia for hemiplegia is mostly associated with right-hemisphere or bilateral lesions involving different cortical or subcortical structures, although the association with anosognosia was strongest for frontoparietal lesions. Berti et al 31 reported that patients with extensive right-frontoparietal or subcortical lesions have a more chronic anosognosia. Using state-of-the-art image analysis, Berti et al 22 found a significant association between anosognosia and lesions in premotor and motor cortical regions, and somatosensory cortex. The authors suggested that anosognosia may result from damage to a cortical circuit related to space and motor representation. Karnath et al 32 recently reported a significant association between anosognosia and lesions to the right insula, and suggested that anosognosia may result from disruption of the integration of stimuli related to bodily self-awareness. Hartman-Maeir et al 33 reported anosognosia in 28% of patients with right-hemisphere lesions and 24% in patients with left-hemisphere lesions. Among patients with right-hemisphere stroke, anosognosia was related to frontotemporo-cortical lesions, while most patients with anosognosia after left-hemisphere lesions had subcortical lesions.
Given the heterogeneity of these findings, it is not surprising that Pia et al 19 would conclude their review by stating, disappointedly, that "at present, the only hypothesis consistent with current data is that awareness of motor deficits is the product of a complex and wide neural network." p 71
Mechanism of Anosognosia
Given the clinical heterogeneity of anosognosia regarding both severity and phenomenology, a single mechanism to account for this complex disorder should not be expected.
We will now review mechanisms of anosognosia proposed by different authors and briefly discuss their intrinsic limitations.
Weinstein and Kahn 14 considered anosognosia as a motivated defence reaction in the context of global cognitive impairment, with the patient denying the motor deficit to avoid negative feelings. However, several findings 2 argue against these hypotheses, such as:
1. There is a greater frequency of anosognosia among patients with motor deficits of central, compared with peripheral, origin.
2. Anosognosia may be transiently abolished with vestibular caloric stimulation.
3. A similar frequency of depression among patients with or without anosognosia, demonstrating that anosognosia does not protect patients from depressive feelings.
2 Nevertheless, it is still possible that some patients with stroke may minimize their deficits to: prevent worrying by their relatives; obtain a faster discharge from hospital; or (owing to a personality type that tends to) avoid strong emotions. Geschwind 34 proposed that anosognosia may result from a disconnection between the right association cortex and the language areas of the left hemisphere. However, patients with anosognosia are still able to express awareness of deficits nonverbally, 3 and discussing with the patient the extent of their deficits should be sufficient to inform the left hemisphere about the presence of those deficits. Goldstein 35 suggested that anosognosia may result from disturbed mood; however, most patients with anosognosia do not suffer from mood disorders. 5 Levine et al 10 proposed their discovery theory, which states that anosognosia may result from a lack of sensory feedback about the motor deficit, in the context of cognitive impairment, not allowing patients to become aware of their motor deficit. However, as noted by Heilman, 36 anosognosia should disappear once the patient explores the left side of the body while trying to move the weak limb, which is not the case. Further, many patients with anosognosia have no propioceptive loss. 37 Several studies showed a significant association between anosognosia and neglect; however, recent studies 38 demonstrated that neglect is neither necessary nor sufficient to produce anosognosia. This association probably is related to lesions on overlapping brain regions for both disorders. It is still possible that for some patients the combination of anosognosia and neglect may result from a common mechanism related to lesion location and (or) a common neuropsychological disturbance (such as a severe multimodal inattention deficit).
Heilman 36 proposed the feed-forward hypothesis to explain anosognosia. He proposed that weakness is only detected whenever there is a mismatch between the expectancy of movement and the perception of movement. A deficit in a putative intentional motor activation system may result in a lack of intention to move. Thus a monitoring system that compares the intention to move with the performance of a movement does not become activated, and consequently there is no mismatch between the intention to move and the lack of actual movement, resulting in a lack of recognition of disability. One limitation of this interesting theory is that most patients deny anosognosia even after asked to move the paralyzed limb, or even when they are not trying to move the limb. Therefore, a faulty comparator is not necessary to produce anosognosia.
Vuilleumier 39 suggested that anosognosia may depend on a deficient affective drive to respond to uncertainties about current bodily states. He suggested that affective signals are needed to activate appraisal operations to adjust cognitions and behaviours to novel contexts, and that reduced emotional impact may impede the discovery of the deficit. In support, Starkstein et al 40 found a significant association between more severe apathy and anosognosia in dementia; however, whether this is also true among patients with stroke lesions, this will need further study. Conversely, many patients with anosognosia have normal emotional reactions or even exaggerated emotions (which Starkstein et al 40 termed undue cheerfulness). Another limitation of this theory is that the meaning of affective signals and deficient affective drive are in need of clarification.
Ramachandran 41 suggested that the left hemisphere produces confabulations and denial, as in nonstroke people, that are not monitored by the damaged right hemisphere. He further proposed that this self-deception confers stability to the patient's behaviour. Against this hypothesis, anosognosia has been described in patients with left-hemisphere lesions. The hypothesis that confabulations are produced in a tonic fashion is unclear, and the theory does not explain why most stroke patients have confabulations restricted to a single theme (for example, loss of awareness of deficits and other anosognosic phenomena). Another limitation of this theory is it does not explain the relatively brief duration of anosognosia in most stroke patients.
Spaletta et al 42 examined 50 patients with right-hemisphere lesions who were assessed 3 months poststroke for the presence of alexithymia (that is, poor experience of emotional states) with the Toronto Alexythymia Scale. The authors found that patients with right-hemisphere strokes were less aware of their emotions than those with left-hemisphere lesions. They also found a significant dissociation between unawareness of emotion and unawareness of motor impairment. The concept of unawareness of emotion is certainly novel and provocative, and its clinical correlates and mechanism will require further study. patients with anosognosia had significantly more severe subcortical atrophy (probably preexisting the stroke) than patients without anosognosia.
Pia et al 19 suggested that anosognosia may be related to parietal lobe dysfunction, which may constrain the spatial information available to the motor monitoring system. They speculated that anosognosia may result from damage to a motor system related to space-for-action representations. This hypothesis may explain some of the clinical aspects of anosognosia, but may not account for patients who deny having motor deficits even when not asked to perform any movement with the affected limb. Concepts such as space-for-actions representations may have heuristic value, but may also be conceptually unclear post-hoc explanations.
As remarked by Orfei et al, 2 patients with anosognosia not only deny their motor deficit but also often overestimate their impaired abilities. While some patients admit the motor deficit, they ascribe the deficit to physical problems other than stroke, or to mere tiredness. Similar to patients with delusions, patients with anosognosia cannot be convinced with logical arguments about their incorrect judgment. Interestingly, some patients with anosognosia may spontaneously report other illnesses of which they truly suffer, and may only worry about these other illnesses. Other patients may worry about illnesses in others (such as relatives) and may feel sad and depressed about this. 43 Other patients may deny not only their own deficits but also motor problems in other patients. One of our patients reported feeling severely depressed about the (real) ischemic heart disease in his wife, but he would fully deny his own hemiplegia. We also reported a patient with anosognosia for a dense hemiplegia who reported feeling happy about her daily routine, which was to walk every afternoon to the cafeteria with her roommate (the roommate was quadriplegic). 43 The patient stated that to exercise, both she and her roommate would climb stairs and walk around the hospital. On repeated occasions the patient tried to walk by herself.
In conclusion, the above studies suggest that the mechanism of anosognosia is unlikely to depend on a single factor. Regarding lesion location, anosognosia has been related to damage to specific regions within the right hemisphere, such as the insula or other cortical and subcortical regions, or lesions in either hemisphere. A study by Appelros et al 16 highlights the role of older age, previous strokes, and underlying cognitive deficits for the production of anosognosia. Taken together, these findings suggest that lesion location is neither necessary nor sufficient to produce anosognosia, although lesions in some specific brain areas may lower the threshold for anosognosia. Strokes in other regions may need additional factors to produce anosognosia, such as specific cognitive deficits, older age, and previous strokes.
Résumé : La fréquence, les corrélats cliniques, et le mécanisme de l'anosognosie après un accident vasculaire cérébral Objectif : Examiner la fréquence, les corrélats cliniques, et le mécanisme de l'anosognosie après un accident vasculaire cérébral (AVC).
Méthodes : Nous avons recherché la documentation pertinente la plus récente sur l'anosognosie après un AVC et effectué une analyse critique des principaux résultats. Conclusion : L'anosognosie est une complication relativement fréquente de l'AVC aigu et peut devenir un excellent modèle pour comprendre le mécanisme de la conscience humaine.
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